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LQ PHFKDQLFDO SURSHUWLHV LW LV FRQVLGHUHG DV EHVW ZHOGLQJ SURFHVV IRU ZHOGLQJ RI ,QFRQHO  >*' -DQDNL UDP
&$+XDQJHWDO @ :HOGDELOLW\RI ,QFRQHO LVTXLWHJRRGDVFRPSDUHG WRRWKHU1LEDVHGVXSHU
DOOR\V ,W VKRZV JUHDWHU UHVLVWDQFH DJDLQVW VROLGLILFDWLRQ FUDFNLQJ DQG VWUDLQ DJH FUDFNLQJ >-RKQ 1'XSRQW HW DO
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&K5DGKDNULVKQDHW DO *0DGKXVXGKDQD
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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 DQG
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KHDWLQSXWWKHVKDSHVZHUHµQDLOKHDGVKDSH¶DQGµVWHPOHVVZLQHJODVVVKDSH¶UHVSHFWLYHO\7KHVKDSH
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WKHEHDGZLGWKRIERWWRPSRUWLRQDQGLQRWKHUWKUHHZHOGVLWZDVYLFHYHUVD)URP)LJXUHLWLVHYLGHQWWKDWVL]HDQG
VKDSHRIWKHZHOGEHDGLVFRPSOHWHO\GHSHQGHQWRQWKHKHDW LQSXWXVHG
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ZHOGPHWDOFRROLQJUDWHDUHFRQWUROOHGE\WKHDPRXQWRIKHDWLQSXWDSSOLHG
)LJXUH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$YHUDJH LQWHUGHQWULWLF VSDFLQJZDVPHDVXUHGZLWK YDU\LQJ KHDW LQSXW DQG WKH FRROLQJ UDWH RI ZHOGPHWDO ZDV
FDOFXODWHG IURP WKH PHDVXUHG LQWHUGHQWULWLF VSDFLQJ XVLQJ (TXDWLRQ  >.59LVKZDNDUPD HW DO @ 7KH
FDOFXODWHGYDOXHVDUHJLYHQLQ7DEOH
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WKDW  1E 7L DQG 0R ZHUH VHJUHJDWHG VLJQLILFDQWO\ WRZDUGV WKH LQWHUGHQWULWLF UHJLRQ ZKHUHDV &U $O DQG )H
UHDVRQDEO\JRWLQWRGHQGULWLFFRUHUHJLRQV+RZHYHUWKHUHZHUHQRVLJQLILFDQWFKDQJHVREVHUYHGLQWKHGLVWULEXWLRQ
FRHIILFLHQWEHWZHHQ6DQG6LQVSLWHRIODUJHGLIIHUHQFHLQFRROLQJUDWH
 (IIHFWRIKHDWLQSXW RQKHDWDIIHFWHG]RQHPLFURVWUXFWXUH
+$= OLTXDWLRQ FUDFNLQJ RU PLFURILVVXULQJ RFFXUV ZKHQ OLTXLG ILOP DW WKH JUDLQ ERXQGDULHV LV XQDEOH WR
DFFRPPRGDWH WKH WKHUPDOO\ LQGXFHG VWUHVVHV (IIHFW RIPHWDOOXUJLFDO DQGZHOGLQJ SURFHVV YDULDEOHV DIIHFWLQJ WKH
+$=PLFURVWUXFWXUHZHUHH[WHQVLYHO\VWXGLHGE\YDULRXVUHVHDUFKHUV7KRPSVRQHWDOVKRZHGWKDWPLFURILVVXULQJLV
OLQHDUO\GHSHQGHQW RQJUDLQ VL]H >5*7KRPSVRQ HW DO @(IIHFW RI LPSXULWLHV RQ+$=PLFUR FUDFNLQJZDV
UHSRUWHG E\ &KDWXUYHGL HW DO  +RZHYHU KHDW LQSXW LV RQH RI WKH LPSRUWDQW IDFWRUV ZKLFK LQIOXHQFH
PLFURILVVXULQJVLJQLILFDQWO\
)LJXUH  VKRZ WKH PLFURVWUXFWXUHV RI IXVLRQ ]RQH DQG +$= LQWHUIDFH ZKHUH WKH OLTXDWLRQ ERXQGDULHV DQG
PLFURILVVXULQJQRUPDOO\H[LVW0LFURILVVXULQJZDVREVHUYHG LQ WKH+$=RI ORZHVWKHDW LQSXWZHOG6 -PP
)LJXUHDZKHUHDVRWKHUZHOGVZHUHIUHHIURPLW7KHWHPSHUDWXUHJUDGLHQWLQWKH+$=LVUHGXFHGZLWKLQFUHDVLQJ
KHDWLQSXW LWUHVXOWV LQOHVVHUJUDLQERXQGDU\DUHDIRUFUDFNLQJ+RZHYHU OLTXDWHGERXQGDULHVZHUHVHHQLQDOO WKH
ZHOGV DQG WKHLU LQWHQVLW\ YDULHG ZLWK YDU\LQJ KHDW LQSXW (IIHFW RI KHDW LQSXW RQ WRWDO OHQJWK RI OLTXDWHG JUDLQ
ERXQGDULHVZDV PHDVXUHG$V WKH KHDW LQSXW LQFUHDVHV IURPPLQLPXP 6 WRPD[LPXP 6 WKH WRWDO OHQJWKRI
OLTXDWHGERXQGDULHVGHFUHDVHVIURPPWRPUHVSHFWLYHO\
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)LJXUH(IIHFWRIKHDWLQSXWRQ+$=PLFURVWUXFWXUHD6DPSOH6 -PP E6DPSOH6 -PPF6DPSOH6 -PPG6DPSOH6
-PPH6DPSOH6-PP
 (IIHFWRIKHDWLQSXWRQPHFKDQLFDOSURSHUWLHV
0HFKDQLFDOSURSHUW\RIZHOG MRLQWGHSHQGVRQ WKHFKHPLFDOFRPSRVLWLRQTXDOLW\DQG WKHPLFURVWUXFWXUHRI WKH
ZHOG 7KH PLFURVWUXFWXUH LQ WHUPV RI JUDLQ VL]H RI WKH ZHOG LV FRQWUROOHG E\ KHDW LQSXW DSSOLHG ,QWHUGHQGULWLF
VSDFLQJRIPWRPZDVREVHUYHGDWPLQLPXPDQGPD[LPXPKHDWLQSXWUHVSHFWLYHO\7KHVHYDULDWLRQVGLG
QRW DIIHFW WKH ZHOG WHQVLOH SURSHUWLHV 7KH WHQVLOH SURSHUWLHV RI ZHOG LQ DVZHOGHG FRQGLWLRQ DW PLQLPXP DQG
PD[LPXP KHDWLQSXWDUHJLYHQLQWDEOH
7DEOH 7KHWHQVLOHSURSHUWLHVRIZHOGLQDVZHOGHGFRQGLWLRQDWPLQLPXP6DQGPD[LPXP6KHDWLQSXW
6SHFLPHQ,' +HDW,QSXW-PP 87603D <603D (OPP*/
6    
6    
 &RQFOXVLRQV
x 7KH LQFUHDVH LQ KHDW LQSXW JUDGXDOO\ FKDQJHG WKHZHOG JHRPHWU\ IURPQDLO KHDG VKDSH WR VWHPOHVVZLQH JODVV
VKDSH
x :HOGLQWHUGHQWULWLFVSDFLQJZDVLQFUHDVHGIURPPWRPZLWK LQFUHDVHLQKHDWLQSXWZHOGPHWDOFRROLQJ
UDWHGHFUHDVHGIURP.V WR.V
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x 6ROXWHUHGLVWULEXWLRQEHWZHHQGHQGULWLFDQGLQWHUGHQGULWLFUHJLRQVZDVREVHUYHGLQDOOWKHZHOGV+RZHYHUWKHUH
ZHUHQRVLJQLILFDQWFKDQJHV VHHQ LQ WKHGLVWULEXWLRQ FRHIILFLHQW NEHWZHHQ WKHPLQLPXPDQGPD[LPXPKHDW
LQSXW
x 0LFURILVVXULQJZDVVHHQRQO\LQWKH+$=RIWKHORZKHDWLQSXWZHOG-PP,QZHOGVPDGHZLWKKHDWLQSXW
DERYH -PPPLFURILVVXULQJZDVDEVHQW
x 7KHWHQGHQF\RIJUDLQERXQGDU\OLTXDWLRQUHGXFHGZLWKLQFUHDVHLQKHDWLQSXW
x 7KH YDULDWLRQ LQ KHDW LQSXW GLG QRW DIIHFW WKH ZHOG WHQVLOH SURSHUWLHV 7KHUH ZDV QR VLJQLILFDQW FKDQJH LQ
SURSHUWLHVEHWZHHQPLQLPXPDQGPD[LPXPKHDWLQSXWLQWKHUDQJHXQGHUVWXG\
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